To improve the performances of p-Dye Sensitized Solar Cell (p-DSSC) for the future, the synthesis of modified p-type nickel oxide semiconductor, commonly used as photocathode in such devices, was initiated with Ni 3 O 2 (OH) 4 as precursor. This specific nickel oxyhydroxide was first characterized by X-ray photo-electron spectroscopy and magnetic susceptibility measurements.
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Introduction
Over the past decade, p-type semiconductors (p-SC) have known a renewed interest for applications for light-emitting diodes, transistors, solar cells, etc. In particular, since the achievement of the first Dye Sensitized Solar Cells (DSSC) by Grätzel in 1991 [1] , a new generation of solar cells has been developed where the n-type SC is replaced by a p-type one [2] . Such devices are based on the photoinjection of holes instead of electrons in the external circuit. To date nickel oxide (NiO) is the reference p-type semiconductor for p-DSSC applications [3] . However yields are still far from those of n-DSSC and many studies aim to replace NiO by nanoparticles of CuAlO 2 , CuGaO 2 , CuCrO 2 or NiCo 2 O 4 to achieve higher photovoltaic performances [4] [5] [6] [7] . Following our recent synthesis of Ndoped ZnO nanoparticles with large amount of Zn vacancies (up to 20%) and stabilization of p-type charge carriers [8] , we focus on the preparation of Ni-poor NiO and N-doped NiO nanoparticles to improve the p-type semiconductivity of NiO. Its origin is still not totally elucidated but is commonly attributed to a nickel non-stoichiometry inducing a Ni 3+ /Ni 2+ mixed valence in Ni 1-x O.
The nanostructuration will also be a key factor to optimize the p-SC/Dye contact surface. Indeed, to integrate perfectly a p-SC in a p-DSSC, a high specific surface area is necessary to coat the largest amount of dye molecules on NiO nanoparticles to favor the exchange of charge carriers and high photogenerated current. The nanostructuration could also promote a change in the chemical formulas with variation of the Ni 3+ /Ni 2+ ratio that governs the conducting behavior. Moreover, the substitution of one nitrogen atom for one oxygen atom should allow the increase of the concentration and the mobility of positive charge carriers (O 2-N 3-+ h + ) in order to optimize the injection of holes in the electrical circuit of the p-type cell, and thus its performances. We discuss in this work the thermal decomposition of a nickel oxyhydroxide precursor under air and ammonia that leads to nanostructured Ni-poor NiO and N-doped NiO respectively with very high specific surface areas.
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Experimental
Measurements
X-Ray diffraction. X-Ray diffraction patterns were recorded in the 5-120° 2 range on a Panalytical X'PERT Powder (Cu K , 40 kV, 40 mA) diffractometer. In situ temperature (30-700 °C range) X-Ray diffraction patterns were recorded in the 10-90 ° 2 range on a Bruker D8 Advance diffractometer using Cu K-L2,3 radiation. All phase analyses were performed using the HighScore Plus software and all data refinements were carried out with the Fullprof suite software [9] .
Chemical analysis. Nitrogen and oxygen contents were determined with a Leco TC-600 analyzer using the inert gas fusion method. Nitrogen was detected as N 2 by thermal conductivity and oxygen as CO 2 by infrared detection.
Density measurements. The Micromeritics AccuPyc 1330 system was used for density measurements by pycnometry under He pressure.
Specific Surface Area measurements. The Brunauer-Emmet-Teller (BET) specific surface area measurements were carried out with a Micromeritics FlowSorb II 2300 instrument using a mixture of N 2 /He (30% / 70%) as gas analyzer.
X-ray Photoelectron Spectroscopy. XPS spectra (Mg K-L3 = 1253.6 eV) were collected in a Leybold-Heraeus ultrahigh vacuum environment with an analyzer operating in the constant pass energy mode (31.5 eV). All spectra were calibrated in energy using C 1s = 284.7 eV as a reference.
Transmission electron microscopy. Transmission electron microscopy (TEM) analyses were realized on a Hitachi H9000NAR (300 kV, Scherzer resolution 0.18 nm) microscope.
Magnetic measurements.
Magnetic measurements were performed on a Quantum Design SQUID magnetometer (MPMS XLS 5). The data were collected in the temperatures range from 2 to 300 K under a magnetic field of 5000 Oe.
Synthesis of nickel oxyhydroxide nanoparticles
The nickel oxyhydroxide precursor (Ni 3 O 2 (OH) 4 ) was prepared as previously reported [10] . A strong alkaline solution was prepared by dissolving 5.1 g of sodium hydroxide (NaOH, 98 % Sigma-Aldrich) in 36 mL of a sodium hypochlorite solution (NaClO, 5 % available chlorine Acros)
used as an oxidizing agent [11] . 15.5 g of nickel sulfate (NiSO 4 , 6H 2 O, 99 % Acros) were dissolved in 35 mL of distilled water. Then the alkaline solution was slowly added dropwise to the nickel sulfate aqueous solution under vigorous stirring to promote the precipitation according to the following chemical reaction (1):
The resulting black suspension was kept under stirring for 90 min at room temperature. The precipitate was separated from the solution by centrifugation at 2500 rpm for 5 min, dispersed in distilled water and separated again by centrifugation. These dispersion/separation cycles were repeated 6 times in order to remove any impurities and the resulting precipitate was dried in an oven at 70 °C overnight. Finally, the product was crushed in an agate mortar to obtain the nickel oxyhydroxide powder precursor which was immediately stored in a desiccator to avoid any surface hydration.
Synthesis of nickel-poor nickel oxide
600 mg of Ni 3 O 2 (OH) 4 precursor placed in an alumina crucible was decomposed in a muffle furnace in air in the temperature range from 250 to 800°C. These temperatures were dwelled for 2 hours with a heating rate of 10 °C.min -1 . The samples were cool down to room temperature after turning off the furnace and stored in a desiccator. Ni 1-x O materials prepared at X °C are hereafter labelled as NiO-X.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Synthesis of nitrogen doped nickel oxide
200 mg of Ni 3 O 2 (OH) 4 precursor powder was placed in a tubular furnace under N 2 flow. The furnace was purged during 10 minutes before introducing NH 3 flow (10 L.h -1 ). Then, the temperature was raised in a the 200-350°C range with a heating rate of 10°C.min -1 and dwelled for 30 minutes. Finally, the tubular furnace was cooled to room temperature by turning it off and the product was stored in a desiccator. Ni 1-x O materials prepared at X °C are hereafter labelled as NiO-N-X.
Results and discussion
Characterization of nickel oxyhydroxide nanoparticles
In order to prepare undoped and nitrogen-doped nickel oxide nanoparticules with a large amount of nickel vacancies, we have proceeded as in our previous work on N-doped ZnO (ZnO:N) [ [18] . This agrees with particles size estimated to be around 2-3 nm from a TEM analysis (Fig. 3a) , that explains the overall feature of the X-ray diffraction pattern. Figure 4 shows the sample after a 700 °C heating. The color of the as-prepared NiO sample is grey-black [19] , but M A N U S C R I P T
Thermal decomposition of nickel oxyhydroxide nanoparticles
Decomposition of nickel oxyhydroxide in air
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becomes green at temperatures typically above 800°C as expected for stoichiometric NiO. Figure 5 shows the evolution of the density of prepared "NiO" samples versus the decomposition temperature of Ni 3 O 2 (OH) 4 . The densities measured for samples prepared up to 600 °C deviates from the theoretical density of stoichiometric bulk NiO (6.81). For samples prepared below 350°C the density is drastically lower than that expected and rises strongly with increasing temperature.
For samples prepared at higher temperature ( 400 °C), the density is still lower than expected but (Fig. 3b,   3c ), BET specific surface areas and XRD to calculate the crystallites size by Rietveld refinement (Table 1) . TEM images confirm the nanostructuration of NiO-250 (similar case to Ni 3 O 2 (OH) 4 ) as agglomerates of nanoparticles (2-3 nm). As observed by XRD, the increase in temperature allows the further crystallization of NiO samples with larger particles sizes. In fact, NiO-500 is still nanostructured with dispersed particles sizes around 10-15 nm. According to Table 1 4 to NiO. Note that the specific surface area drops to 42 m 2 .g -1 for NiO-500, due to the increase in particles sizes.
Decomposition of nickel oxyhydroxide under ammonia
To our knowledge, the stabilization of a nitrogen-doped nickel oxide powder has not been evidenced yet. Only theoretical study [20] or N-doped NiO film [21] have been recently reported.
However, the study of the decomposition of 
Conclusion
The thermal decomposition of nickel oxyhydroxide nanoparticles was thoroughly studied in order to control the particles size of the as-prepared NiO nanopowders. The determination of the Ni 3+ /Ni NiO-250, NiO-500 and NiO-N-250 samples. 
